In stimulation experiments for inducing sleep response(1), attention must be drawn to the fact that the time lapse of each single stimulating current should be correspondent to the time factor inexcitability of the neurone concerned.
For the stimulation of the subcortical sleepcenter in the brain, this important fact has not been taken into account by many investigators.
The first concerned was Hess (2) , who, in his experiments on localized stimulation of the brain-stem, found that the much better adaptedpulse duration of currents was short for "fast" and long for "slow" excitable nervous systems.
In this report the problem was approached by measuring the minimum current required for threshold activation of motor and sleep responses, and deriving the time factor in excitability of the brain which essentially resembled the Lapicque's chronaxie.
METHOD
On unanesthetized guinea pigs and cats the stimulation of unidirectional pulse currents was applied between the frontal cortex and eye cornea (3). The frequency of repetition was 10 to 50 pulses/sec. and the pulse duration varied from 0.5 to 20.0 msec. The threshold currents were plotted with responses such as turning of the head, lapping, or crying.
However, the seizure was produced by the electrodes placed on the temples posterior to the eyes, and threshold values were just seen by the forelimb movement lasting for several seconds.
In the sleep response induced by the intermittent stimulation, the minimum current necessary to induce sleep was taken as an indication of threshold. RESULTS 
AND DISCUSSIONS
A. Time factor for turning movement of the head The responses such as turning of the head, lapping or crying were studied by repetitive stimulations.
As well known, these responses could be produced by repetitive stimulations, but not by a single one. Ofall others, the turning movement was most satisfactory as an indication of the responses. The stimulation required a period of 10 sec. The threshold current in each pulse duration was determined by means of the onset of the turning. The strength-pulse duration (I-t) plot of the turning movement is represented by a hyperbolic curve algebraically expressed as 416 Y. IWASE where i is the pulse strength in mA, t is the pulse duration in msec., a is a constant related to the curvature of the hyperbola and bis the rheobasic strength ( fig.1) .
Similar interrelationships such as in I-t curves of muscle and nerve were found between the threshold current and the pulse duration.
Although this curve corresponds to the curves obtainedwith single condenser stimulation in the nerve and muscle, it should not be regarded identically with chronaxie curves.
However, with constant frequencyand number of stimuli, the I-t curve gives the time factor for repetitive stimulation.
Therefore, the author has given the name "EX2R", under a definition that it is a pulse duration of twice the strength of the rheobase which just causes the turning.
In the stimulation through the cortical electrode of the frontal area, ICT-T curves of contralaterally turning movements were mainly plotted, and presented 0.25 msec. as EK2R ( fig.2 ).
From its low value andcontralateral nature, the EX2R could be inferred to represent the time factor of the cortical area. In the stimulation through the subcortical electrode, it could beshown that IIT-t curves of ipsilaterally turning movements were mainly plotted with a high EX2R of 1.3 msec. (fig.2) .
According to the Hess's evidence (4) on thalamic movements, the thalamic elements have come to be recognized as the primary region concerned with the ipsilaterally turning movements.
It may be, therefore, concluded that in subcortical stimulations, a "slow" nervous system having high EX2R is brought into activity and its slow activity is probably due to the specific structure and function of the nervous elements in the thalamus.
Cortical and subcortical stimulations reveal a fundamental difference in EX2R for two types of the turning movements.
It follows from the above results that a stimulation with longer durations than 2.0 msec. must be employed for the excitation of thalamus.
Hence, it appears that nervous elements From this viewpoint EX2R is considered as a characteristic indication of the time factor in excitability.
The demonstration of the I-t curves by Glusman (5) tends to explain the optimal pulse duration for stimulating motor cortex and uncus. However, he does not propose a time factor which can serve to define the excitability. and sleep responses With the intention of analyzing the physiological significance of the brain stimulation (6), the time factor for seizure and sleep responses has been studied on the basis of EX2R.
The threshold currents required were changed by varying pulse durations, but the latter did not change the nature of the responses in cats. The threshold currents in seizure and the minimum currents in sleep increased greatly at the pulse duration shorter than 3 msec. When these data are plotted, they form a I-t curve in which the pulse duration is equivalent to the time of Lapicque (fig.4) . But it must be borne in mind that Is-t curves of sleep are not so typical in comparison to the curve obtained for the turning movement.
This fact means that the minimum amount of current required to inducce sleep is not always the true threshold value. The author has given the name "EC2R" to seizure and "ES2R" to sleep in the same way as the EX 2 R in turning movement. By repetitive stimulations, it can be shown that a significantly low EC 2R of 0.3 msec. was found in seizure.
This value was nearly equal to the chronaxie of the motor area which had been determined with a single condenser stimulation (7). Harreveld (8) has also obtained a significantly short chronaxie (0.12 msec.) of the cortex in electronarcosis induced with strong currents.
In his experiment emphasis has been laid on the consideration that electronarcosis is due to the stimulating
Strength-pulse duration curves for sleep (Is) and seizure (ic) responses induced by applying repeated pulses to cats.
properties of the current. Based on these findings it is EC2R that can be considered as an index in excitability of the cortex.
Further, the trials were adopted for sleep responses. The measurement of ES2 R, although not adequate because of the non-linearity of its curves in the pulse duration over 5 msec., showed high values in the neighbourhood of 2 to 3 msec.
Minimum values of the energy (I2ts) were found at the range of 3 to 5 msec. (9) . These durations of 3 to 5 msec. are observed to be the same with the optimal stimulation time of Waller which is twice the value of chronaxie. From the basis of ES2 R and the energy, the most effective stimulation for inducing sleep is that of a pulse duration of about 5 msec. This fact agrees with the observations for the behavior pattern of cats. The difference of time factors, EC 2 R and ES2 R, can be explained by the regional difference of neuronal systems.
It is considered that such high values of ES 2 R are probably representing the excitability of thalamic nervous elements, which indicated high EX2 R for turning movements, concerned with the sleep function.
In seizure and sleep, also, the different excitability of the brain and the stimulation periods should be taken into account.
SUMMARY
To obtain motor and sleep responses in unanesthetized guinea pigs and cats, stimuli must be applied repeatedly with an adequate frequency and for a sufficient time.
By using repetitive pulse stimulation, the time factor in excitability of the brain has been studied on the turning movement of the head, and the same method has been applied to seizure and sleep responses. This seems to be a reliable test for the excitability, especially in those cases where the chro-naxie measurement can not be actually adopted. The results were as follows: 1. The threshlod currents in turning movement of the head, lapping, and crying have been observed at the frequency of 10 to 50 cycles/sec., and the pulses of 0.5 to 20 msec. The strength-pulse duration (It) curves were plotted and discussed on the turning movement.
2. The time factor in excitability "EX2R" was defined as the pulse duration of twice the strength of the rheobase which just caused the turning movement. Contra-and ipsilaterally turning movements showed a striking difference in EX 2 R and this method was applied to the anesthetized and post-seizure depression.
3. Seizure thresholds and the minimum currents necessary to induce sleep were obtained at the frequency of 50 cycles/sec. and the pulse of 0.5 to 10 msec. From the 14 curves plotted, EC 2 R for seizure was 0.3 msec. and ES 2 R for sleep was 2 to 3 msec. The significance of these findings was discussed in detail.
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